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Late Ordovician to mid-Silurian Benambran subduction zones in the Lachlan 
Orogen, southeastern Australia 
Abstract 
The Late Ordovician to early Silurian Benambran Orogeny had widespread effects in the Lachlan Orogen 
of southeastern Australia, including the Bendigo, Tabberabbera and Narooma zones. Much of the 
deformation in these zones has been attributed to formation of subduction complexes from accretion of 
Ordovician turbidites and has been a subject of ongoing controversy. The Narooma Zone subduction 
complex is more widely accepted because of the abundance of disrupted units, evidence for imbricated 
units and its metamorphic character. Imbricated and disrupted units consistent with a subduction 
accretion model also characterise the Tabberabbera Zone. A subduction complex model for the Bendigo 
Zone has been contested. Deep seismic profiles show a largely transparent upper crust down to ∼18 km 
of inferred Ordovician turbidites with a layered middle to lower crust of mafic volcanic rocks as shown by 
the Heathcote Greenstone Belt being traced from the surface to the middle crust. During the Benambran 
Orogeny, the Bendigo Zone is interpreted as a rapidly formed mega-subduction complex with ∼50 km 
crustal thickness. This is an exceptional thickness and much thicker than subduction complexes in Japan 
and the Barbados Accretionary Complex but more comparable with southeastern Alaska where the 
Chugach terrane (subduction complex) and underplated mafic igneous rocks have a present-day crustal 
thickness up to 30 km. Anomalous thick crust of the Bendigo Zone subduction complex is related to the 
huge volume of subduction inputs, with Cambrian fore-arc–backarc crust and the overlying thick 
Ordovician turbidite fan, resulting in a double décollement associated with the megathrust now 
represented by the Mount William Fault. The Benambran Orogeny is an example of widespread shortening 
reflecting rapidly initiated subduction zones with a short-lived history rather than long-lived subduction 
typical of the modern eastern Pacific Ocean. 
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AITCHISON J. C. & BUCKMAN S. 2012. Accordion vs. quantum tectonics: Insights into 
continental growth processes from the Paleozoic of eastern Gondwana. Gondwana 













































































































































































































































































































































































































































































































































Structural Zone Bendigo Zone Tabberabbera Zone Narooma Zone
Stratigraphy Cambrian boninitic and tholeiitic 
volcanic and volcaniclastic rocks, shale, 
chert in the hanging wall of the Mt 
William Fault at the eastern boundary 
of the zone; Early to Middle Ordovician 
quartz turbidite succession with 
abundant thin black shales, graptolites 
indicate Lancefieldian to  Darriwilian 
ages; a Late Ordovician turbidite unit in 
the southeast; unfossiliferous 
turbidites of pre‐Lancefieldian age are 
widespread in the west (VandenBerg 
et al. 2000)
Cambrian boninitic and tholeiitic volcanic 
and volcaniclastic rocks, shale, chert in 
the Howqua River, Dookie; ultramafic 
rocks and Cambrian limestone in the 
Dolodrook River; Early to Middle 
Ordovician quartz turbidite succession 
with widespread thin chert layers and 
rare black shale, Late Ordovician black 
shale; Early Silurian(?) quartz turbidite 
succession (VandenBerg et al. 2000)
Cambrian ocean island basalts, shallow 
marine limestone; bedded chert and 
mudstone of Cambrian to Late 
Ordovician age; Early to Middle 
Ordovician quartz turbidite succession, 
Late Ordovician black shale; 
lithofeldspathic turbidites (age 
unknown); pebbly mudstone, 
olistostrome(?), mélange (Bischoff & 
Prendergast 1987; Miller & Gray 1996; 
Fergusson & Frikken 2003; Glen et al. 
2004; Prendergast & Offler 2012)
Structure Northerly trending tight to isoclinal 
folds with widely spaced (up to 10 km) 
imbricate thrust faults verging 
eastweards, with 66% or more 
shortening, single axial planar 
cleavage, tectonic mélange along 
Heathcote Greenstone Belt along 
eastern boundary (Gray & Willman 
1991a, b; VandenBerg et al. 2000)
Tight to isoclinal folds affect bedding‐
parallel foliation, associated thrust faults 
verge southwest, widespread zones of 
tectonic mélange along faults such as the 
Wonnangatta Fault and faults associated 
with Cambrian igneous rocks; Benambran 
structures are overprinted by widespread 
multiple deformation (VandenBerg et al. 
2000, 2004; Watson & Gray 2001; Spaggiari 
et al. 2003a, b, c, 2004a, b; Willman et al. 
2005)
Tight to isoclinal folds affect bedding‐
parallel foliation and associated thrust 
faults that verge eastwards and locally 
westwards, zones of tectonic mélange 
and fault breccia; evidence of 
deformation of unlithified rocks with 
mud injections; Benambran structures 
are overprinted by widespread multiple 
deformation (Bischoff & Prendergast 
1987; Miller & Gray 1996, 1997; Fergusson 
& Frikken 2003; Glen et al. 2004; 
Prendergast 2007)
Metamorphism Epizonal metamorphism west of 
Whitelaw fault; 15 km depth of burial 
west of Muckleford Fault during 
Benambran Orogeny, geothermal 
gradient of 26°/km; at time of Early 
Devonian intrusions a depth of burial 
of 9‐10 km is indicated; anchizone 
metamorphism east of the Whitelaw 
Fault; burial to 10 km depth for rocks 
east of the Muckleford Fault in the 
Benambran Orogeny; rare blueschist 
blocks in the Heathcote Greenstone 
Belt (Offler et al. 1998b; Spaggiari et al. 
2002a, b; Wilson et al. 2009) 
Regional low‐grade metamorphism, has 
not been studied in detail apart from 
blueschist blocks in the Howqua River 
which had burial depths of 21‐27 km; 
adjoining low‐grade phyllites had burial 
depths of 10‐12 km (Spaggiari et al. 2002a, 
b)
Epizonal metamorphism with burial 
depth of 15 km in the Benambran 
Orogeny, geothermal gradient of 20°/ 
km; burial depth of 11 km during 
intrusion of Early Devonian plutons 
(Offler et al. 1998a; Prendergast et al. 
2011, 2012)
Magmatic arc None  Wagga‐Omeo Zone NNW‐trending belt of 
plutonic rocks 436 to 420 Ma (Gray & 
Foster 1997; Collins & Hobbs 2001; 
Colquhoun et al. 2005; Ickert & Williams 
2011)
Berridale and Young batholiths (western 
Bungonia‐Delegate Zone) 436 to 420 Ma 
(Collins & Hobbs 2001; Lennox et al. 2005; 
Kemp et al. 2005, 2006; Ickert & Williams 
2011)
